ABSTRACT
Introduction
Obesity has been shown to influence cardiac mass [1] . Subclinical left ventricular (LV) diastolic dysfunction is present in all grades of isolated obesity and correlates with BMI [2] . Overweight and obesity are associated with LV hypertrophy (LVH) and contractile impairment in patients with underlying chronic LV volume overload [3] . In patients with uncontrolled hypertension, obesity has been associated with increased left atrial (LA) size [4] . However it is less clear if higher BMI is an independent predictor of LA enlargement (LAE).
There are several determinants of LA size. These include pressure and volume overload, diastolic dysfunction and body size (body surface area) [5] . However, the effect of BMI on cardiac geometry is less clear. The purpose of this study was to evaluate the effect of BMI on left atrial size. Since LAE is hypothesized to be the end result of the effects of obesity on LV geometry, we also compared LV thickness, dimensions and function in patients with and without LAE.
Methods

Study Population
Ninety consecutive patients from a major university teaching hospital with available echocardiographic data were included in this retrospective analysis. Patients were categorized into those with LAE (n = 36) and those with normal LA size (n = 54).
Definitions
Obesity was defined as BMI ≥ 30. LAE was defined as LA size > 4.0 cm in transverse dimension measured by M-mode. M-mode and 2 D measurements of LV size and function, derived from parasternal long axis measures of LV end diastolic (LVED) and LV end systolic (LVES) dimensions were compared between the two groups. Left ventricular enlargement was defined as LVED ≥ 56 mm and LVES ≥ 40 mm. Standard echocardiographic criteria were used to determine systolic and diastolic dysfunction.
Results
The clinical and echocardiographic characteristics are depicted in Table 1 . Patients with LAE had significantly higher BMI (32 ± 8 vs. 27 ± 8, p = 0.006) compared to those without LAE. Patients with LAE also had significantly increased LV thickness, increased LVED and LVES dimension, and lower LV ejection fraction (LVEF) compared to those with normal LA size ( Table 1) .
Statistical Analysis
Data was analyzed to determine the independent signifycant predictors of LAE. A univariate logistic regression analyses ( Table 2) shows the factors observed to be significantly associated with LAE. With the exception of LVEF which was inversely associated with LAE, BMI, interventricular septal thickness (IVST), Posterior LV wall thickness (PLVW), LVES and LVED were all directly and significantly associated with LAE. The independent significant predictors for LAE were BMI, PLVW and LVED ( Table 3 ). The adjusted OR for each independent significant predictor was the OR for the factor adjusted for the effect of the two other independent significant factors. Every unit increase in BMI resulted in an 8% increase in the odds for a patient to develop LAE. For every unit increase in PLVW and LVED, the odds of a patient developing LAE increased 31% and 9% respectively, when adjusted for the significant effects of the other two predictors. 
Discussion
Obesity is a known determinant of cardiovascular risk. The Framingham Heart Study showed that overweight and obese patients have an increased risk of hypertension and cardiovascular sequelae [6] . These include coronary heart disease, atrial fibrillation and stroke [6] . Obesity is also associated with an increased risk of heart failure, proportionate to the degree of increase in BMI [7] . The term Obesity Cardiomyopathy is applied when obesity induced cardiac structural and hemodynamic changes result in congestive heart failure. Obesity Cardiomyopathy typically occurs in persons with severe and long standing obesity [8, 9] . Bariatric surgery has been shown to improve cardiac function in morbidly obese patients with severe Cardiomyopathy [10] . These observations make it important to study the structural, geometric and functional effects of obesity on the heart to better understand the pathophysiology of Obesity Cardiomyopathy.
In our study, BMI was significantly higher in patients with LAE compared to those with normal left atrial size. We also found BMI to be an independent predictor of LAE. After adjusting for the significant effects of LVH and LV diameter, every unit of increase in BMI resulted in an 8% increase in the odds of developing LAE. Our findings of the influence of BMI on LA size are supported by a recent prospective population study which showed that both obesity and hypertension were independent predictors of LAE (odds ratio for obesity was 2.4, p < 0.001, which was greater than that for hypertension which had odds ratio of 2.2, p < 0.001) [11] .
Among the six factors that were significantly associated with LAE only BMI, PLVW and LVED were independent significant predictors of LAE. Patients with LAE were more likely to be obese, have increased LV wall thickness, larger LV dimension and reduced LV systolic function compared to those with normal LA size.
The proposed mechanisms for LAE in obese patients are illustrated in Figure 1 . Obesity causes an increase in total blood volume and cardiac output and is associated with elevated cardiac filling pressures. This hypercirculation leads to LV dilatation or can cause compensatory LVH and diastolic dysfunction. The LV dilatation can lead to increased wall stress which can lead to secondary or eccentric hypertrophy of the left ventricle. Presence of chronically elevated wall stress can lead to LV systolic dysfunction which in the presence of increased cardiac work load (exceeding the compensatory hypertrophy) can result in LAE. The strong association of LV wall thickness, LV chamber size and LV systolic function with LAE in our study suggests that LAE likely resulted from the effects of obesity on LV geometry.
Obesity has been well recognized to be a risk factor for atrial fibrillation [12] . In obese patients, atrial fibrillation likely results from multiple factors, LAE being one of them. In the present study, although the prevalence of atrial fibrillation was greater in the group with LAE compared to those without (11% vs. 4%) the difference was not statistically significant possibly due to the small number of study patients. In the population based study by Pritchett et al., left atrial volume adjusted to body surface area was more associated with cardiovascular diseases than the dimension by M-mode measurement [13] . Our results suggest that higher BMI is an independent predictor of left atrial enlargement using left atrial dimension measurements.
Study Limitations
The retrospective design and the small number of patients are potential limitations of this study. The non-randomized nature of the study and the non-homogeneity of the population leave the possibility of selection bias. 
Conclusions
Higher BMI is an independent predictor of LAE and likely the result of its influence on cardiac geometry. In addition to LVH, the presence of LV enlargement and LV systolic dysfunction in patients with LAE suggests that in the face of higher BMI, cardiac workload may exceed the compensatory LV hypertrophy. LAE may be a consequence of the greater force developed by the left atrium to fill the LV. The effect of obesity on left atrial size provides one explanation for the higher incidence of atrial fibrillation in obese patients.
